Background and objectives: Cardiovascular implantable electronic devices (CIED) are frequently implanted in patients on anti-thrombotic agents. Pocket hematomas are more likely to occur in these patients. The use of a sterile surgical drain in the pulse generator pocket site could prevent hematomas, but fear of infection precludes its use. The objective of the present study is to study the safety and efficacy of surgical drain in patients on antithrombotics undergoing CIED implantations. Methods: This is a single-centre, retrospective study involving patients undergoing CIED implantations on antithrombotics (antiplatelets and anticoagulants) from August 2013 to July 2016. Patients with high risk of thromboembolism were continued on oral antithrombotics or were bridged with heparin after stopping oral antithrombotics. A sterile close wound suction drain was placed in device pockets following CIED implantations. Post procedure, pressure dressing was applied and removed after 12 h once the drain volume was less than 10 ml in 24 h. Results: Sixty seven patients required surgical drain implantation. Major indications for antithrombotic use were presence of intracoronary stent, atrial fibrillation and mechanical valve replacements. The mean post-procedural hospital stay was 3 AE 0.9 days and mean overall drain was 16.6 AE 8.2 ml. At a mean follow up of 17.6 AE 8.2 months, one patient (1.4%) had pocket hematoma. There were no infections. Conclusion: The use of a surgical drain in CIED implantation significantly reduces the risk of hematoma formation without increasing the risk of infection. Antithrombotic drugs can be safely continued at the time of implantation of cardiac devices.
Introduction
An increasing number of patients are undergoing cardiovascular implantable electronic device (CIED) procedures for various indications. 1-3 A significant proportion of them are on antithrombotic therapy (anticoagulant, antiplatelet agents or both). [4] [5] [6] Pocket hematoma is a well recognized complication associated with CIED procedures and its risk is significantly higher when patients are on antithrombotic therapy. [7] [8] [9] [10] It also increases the risk of infection in patients undergoing CIED implantations. [11] [12] [13] Avoiding perioperative anticoagulation therapy on the other hand increases the risk of thromboembolic events, in particular, cerebral stroke. 6 ,14,15 Interruption of anticoagulation therapy and bridging with heparin has also not been found to be safe. 16 ,17 Surgical drains during CIED implantation can prevent pocket hematoma and infection in patients who require continued use of antithrombotic therapy.
We evaluated the use of closed wound suction drainage system (surgical drain) in patients undergoing CIED implantations to prevent bleeding complications while on antithrombotic treatment. The aim was to evaluate the safety and efficacy of surgical drain in preventing pocket hematoma in patients who are at high risk for bleeding during CIED implantations.
Methods
Between August 2013 and December 2016, suction drain was used in 67 patients to prevent pocket hematoma during CIED implantations. All patients provided informed consent for the procedure. Indication for surgical drain was the use of antithrombotic treatment at the time of CIED implantation.
Data collection
In-hospital data during the time of CIED implantation was extracted from hospital medical records and follow-up data from device clinic where patients with CIED implantations report for routine follow-up. Data were tracked from baseline at implantation until last follow-up at the time of data acquisition.
Study outcomes
The incidence of pocket hematoma, other bleeding complications and the incidence of infection post procedure until last follow up.
Definitions

Pocket hematoma
Pocket hematomas were diagnosed by cardiologists according to standardized definitions. A hematoma was assumed to be present if there was any palpable swelling of the pacemaker pocket exceeding the size of the generator. In case of doubt, the presence of a hematoma was sonographically confirmed. Hematoma related pain, prolonged hospitalization (i.e., one day more than the scheduled hospital discharge), or the necessity for reoperation were recorded.
Infection
Refers to pocket infection, 18 endocarditis 19 (either valve or lead) or blood stream infection.
Peri-procedural management of antithrombotic drugs
Patients were either continued on oral anticoagulation or were bridged with heparin after stopping oral anticoagulants 3-4 days prior to the procedure. Device implantation was performed when the INR was within 2-3. We abandoned our practice of bridging with heparin in patients after the publication of BRIDGE trial results. 20 
Device implantation and drain fixation
Implantations were performed according to our Institution's standard, which remained largely unchanged during the study period. Briefly, an infraclavicular incision was made and subfascial pocket was created under local anesthesia. Venous access was achieved by a separate extra-thoracic subclavian vein puncture. Electrocautery was used in all patients for making device pocket and pacemaker generators were routinely placed over pre-pectoral fascia. Prophylactic antibiotic treatment was given one hour prior the procedure with a bolus of one gram intravenous cephalosporin or intravenous clindamycin 600 mg bolus (for patients with allergy to penicillin). All implantations were performed by experienced operators.
Post procedure, a sterile, 50 ml capacity closed wound suction drain of size FG-08 (Mini Vac Set 1 , Romsons Scientific & Surgical Industries Pvt. Ltd., Agra, India) was placed in all patients. The drain set comprises of two units: needle with extension tube and suction drain (Fig. 1 ). The drain was placed in the most dependent area of the device pocket using the sharp needle assembly. The distal part of connecting tube was clamped just proximal to needle hub which was then cut. The suction drain was de-aired and connected to distal plastic tube and the drain was released. The tube was fixed to skin by stay sutures. Oral antithrombotics, if withheld were restarted on the same day of the procedure. Post procedure, pressure dressing was applied in all patients for 12 h. The drain was removed when output was less than 10 ml over 24 h.
Discharge and follow-up
The patients were discharged from hospital when output from the drain was less than 10 ml. The pacemaker implantation site was checked in the device clinic at 3, 10, 30 days after discharge from the hospital. Further follow-up visits were scheduled every three months for one year and every six months thereafter. If patients did not report to device clinic for more than six months, they were contacted telephonically. If they did not report device clinic for more than six months and also do not respond to telephonic review, then they were considered lost to follow up. 
Statistical analysis
Descriptive statistics were used for patient baseline characteristics. Continuous variables are reported as mean AE standard deviation and categorical variables as proportion with percentages.
Results
Seven hundred and fifty three patients underwent CIED implantations between August 2013 and December 2016 of which 67 (9%) required continued antithrombotic therapy during the peri-procedural period. Compelling indications for antithrombotic use was-recent revascularization for coronary artery disease (CAD) with coronary angioplasty and stenting/CABG in 22 patients (32%) followed by atrial fibrillation in 19 patients (28%). The other major indication was mechanical valve replacement in 11 patients (16%). The remaining patients included were-stroke in 6 (9%)patients, CAD without revascularization in 3(4%), recent bioprosthetic valve replacement in one (1%) and others (5 patients, 7%) Table 1 . The majority were on anticoagulation (40%) or dual anti-platelets (30%). In 13 (19%) of patients, the procedure was done by withholding oral antithrombotics and bridging with heparin. The complete break up of indications and type of antithrombotic use is given in Table 1 .
Thirty two patients (48%) underwent pacemaker implantation, 17 patients (25%) implantable cardioverter defibrillator (ICD) implantation, 15 (22%) underwent cardiac resynchronization therapy with ICD (CRT-D) and three (4%) underwent CRT implantation without ICD.
In-hospital stay
The mean post-procedure hospital stay was 3 AE 0.9 days ranging from 2 to 5 days. Volume of drain: The mean overall drain collected was 16.6AE 8.2 ml. There was no bleeding beyond 48 h (second post-procedural day) in 38 (57%) patients and beyond the fourth day in two patients. At the end of first post implantation day, the average drain collected was 21.5 AE 9.3 ml, ranging from 3 ml to 64 ml. At the end of day 2, it was 16.3 AE 6.9 (range 3 ml to 40 ml) and day 3, it was 9.9AE (2.8 ml), range: 5 ml to 34 ml. One patient had a pocket hematoma in-hospital, which was managed conservatively. This patient was on dual antiplatelets for CAD. He had persistent, severe, unexplained thrombocytopenia which resulted in bleeding.
Follow up
At a mean follow up of 17.6 AE 8.2 months, there were no further hematomas. There were no infections. There were five deaths and no patients were lost to follow up.
Discussion
The major finding of the study is that, closed wound drainage unit during CIED implantations reduces the incidence of pocket haematoma without increasing the risk of infection in patients who are at increased risk of bleeding.
Bleeding complications with continuation of antithrombotic therapy
The need for antithrombotic therapy is increasing in a large number of patients undergoing CIED implantations. The procedure increases the risk of bleeding complications, especially pocket hematoma. [21] [22] [23] Previous studies have reported high incidence of pocket hematoma with both continuation of anticoagulation and bridging with heparin. With warfarin continuation, the incidence ranged between 0% to 7.7% 6, 9, 20, [24] [25] [26] [27] [28] and with heparin bridging, it ranged from 5% to as high as 23.7%. 9, 20, [24] [25] [26] [27] [28] Dual antiplatelet therapy is found to be an independent predictor of pocket hematoma in patients undergoing pacemaker implantations. In a recent study by Dai et al 10 the incidence of pocket hematoma in this group was found to be 19.3%. In our study, the incidence in this group of 20 patients was 5%-in the only patient who developed hematoma. In this patient, the development of hematoma despite the suction drain is likely due to the underlying thrombocytopenia.
With relation to overall bleeding complications, a metaanalysis of 13 studies by Bernard et al 22 found the incidence rate to be 2.8 for patients on anticoagulants, 3.9% for patients on single and 9.4% for dual antiplatelets and 14.6% in whom heparin bridging was used. With the use of the closed wound suction drain, we did not observe any bleeding complications except for the hematoma in one patient (1.4%).
Risk of infection
Infection is a devastating complication associated with CIED implantations. Several factors contribute to infections 11, 12, 29 among which hematoma is considered an important factor. Hematoma is the only independent predictor and is associated with a > 7-fold increased risk of infection. 1 In about 1-2% of implant cases, re-explorations are needed to evacuate hematoma or arrest bleeders which in turn increases the risk of infection. 2 It is also known that empirical use of antibiotics do not prevent infection in the presence of hematoma due to poor penetration into extravascular space of pocket. 1 Thus modes to reduce blood collection is of paramount importance.
The present study emphasizes that surgical drain reduces hematoma incidence and has no associated long term increased risk of infection. The mean hospital stay was more than the usual stay duration for patients without suction drains in our hospital. This implies increase in hospitalization costs but, this increase is offset by reduction in hematoma and subsequent infection which may significantly lengthen the hospital stay. With device implant rates and the indications of antithrombotics on the rise, this technique has the potential to benefit significant proportion of people undergoing CIEDs.
Study limitation
This is a retrospective collection of data in a small cohort of patients, which may be associated with selection bias. We considered device infection only when patient required hospitalization, which might overlook any outpatient treatment if received. But this was necessary as an objective and clinically meaningful end point. Decisions to re-intervene were not well defined. We had very few patients on novel anticoagulants and none on prasugrel/ ticagrelor which are common in current practice. The procedures were done by experienced operators of a high volume centre and so results cannot be generalized.
Conclusion
Use of a surgical drain reduces the occurrence of pocket hematoma and subsequent infection in patients with high risk of bleeding undergoing cardiac device implantations.
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